The dynamics of palmonary edema c a d by adrenalin was studied by left and right heart catheterizations in rabbits. It was 84~ertabed that the injection is followed by marked systolic hypertension, increase of the left venMcalar dp/dt, and, at the same time, an elevation of left venMclllar dbtolic preswres to levels of 60-80 mm Hg. These changes are similar to those previously observed in the dog for other typea of palmonary edema. The actions of narcotics and autonomic Mockers in preventing pulmonary edema were studied. The effect of morphine was moderate; that of cbloralose, minimal; that of pentobarbital, again moderate. Whik p h e n o x y b e d e completely prevented pulmonary edema and insured total wupival, Mmethaphan insured total suwival but &id not prevent pnlmonary edema. These resnlts suggest that death can be caused by eitber pulmonary edema or other mechanisms Pulmonary edema (PE) induced in the rabbit by intravenous administration of adrenalin was described in 1897 by Huchard,' and has been one of the most used modes of experiment since While the mechanism of PE in the dog induced by epinephrine in blood has been largely clarified by studies in this laborat~ry,*-~ that of the original method in the rabbit is still not known completely, partly because of technical difficulties in performing hemodynamic studies in this species. We have tried to overcome this problem and, at the same time, to study the effect of various drugs in preventing the acute episode of PE.
Pulmonary edema (PE) induced in the rabbit by intravenous administration of adrenalin was described in 1897 by Huchard,' and has been one of the most used modes of experiment since While the mechanism of PE in the dog induced by epinephrine in blood has been largely clarified by studies in this laborat~ry,*-~ that of the original method in the rabbit is still not known completely, partly because of technical difficulties in performing hemodynamic studies in this species. We have tried to overcome this problem and, at the same time, to study the effect of various drugs in preventing the acute episode of PE.
The experiments were performed in 80 male albino rabbits weighing from 1.5 to 3.0 kg. In 18 experiments investigating the hemodynamic changes, the following types of anesthesia were tried: (a) ether by inhalation; (b) intravenous pentobarbital 32 mg/kg; (c) intraperitoneal chloralose 120-150 mg/kg; (d) infiltration of the cervical region with lidocaine; or (e) superficial local anesthesia with application of ether to the skin prior to surgical incision.
Left ventricular (LV) pressure was recorded by retrograde catheterization from a carotid artery employing a 20 gauge polyethylene catheter and a P23db strain gauge. A similar catheter and strain gauge were used for right ventricular (RV) pressures by catheterization From the right jugular vein. The tracing was recorded on a Sanborn recorder together with an electrocardiogram. The first derviative (dp/dt) of LV pressure and a phonocardiogram were also recorded in six experiments.
Pulmonary edema was induced by slowly (two min) injecting adrenalin into the marginal vein of the ear. The dose of adrenalin was as indicated in Table 1 ; the drug was dilr~ted in 2 ml of physiologic saline solution.
As evidence of pulmonary edema, the following data were noted; bloody foam emitted from the nostrils, convulsions 'From the Division of Cardiovascular Research of the and gasps prior to death; lungs/body weight index; external Department of Physiology, The Chicago Medical School, Universi of Health Sciences, Chicago, Illinois.
appearance of lungs, and evidence of foam from cut This stu% was aided by Training Grant HE-5002 of the parenchyma. Surviving animals were sacrificed 60 minutes National Heart Institute,-U.S.P.H.S. 
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after the injection in order to examine the lungs and to obtain the lungs/body index.' Euolwtwn of usefulness of a drug was based on both survival time and lung/body index as follows: when either survival was increased or lungs/body index was decreased, usefulness was rated + or ++ according to the data.
When survival was complete for the entire series but the index was not improved, usefulness was rated as ++.
When survival was complete and the index was low, usefulness was rated as ++++. The typical episode of adrenalin pulnumary edema:
The changes of left ventricular systolic and diastolic pressures, LV dp/dt, pulmonary artery pressure, and of the heart rate are exemplified by a typical average experiment ( Table 2, Fig 1 and 2) .
The most typical changes were: (a) a marked sustained rise of left ventricular systolic pressure; (b) a marked rise of left ventricular end-diastolic pressure to levels of between 60 and 80 mm Hg; (c) a moderate increase of the h t derivative (dpl dt of LV pressure), and an increase in heart rate.
It should be noted that during the hypertensive episode, the end-diastolic pressure of the left ventricle often became higher than the pressure of the pulmonary artery.'
The various experiments with anesthetics confumed that all types of anesthesia, including intravenous or intra-peritoneal chloralose and local infiltration with novocaine, prevented pulmonary edema either totally or to some extent. Therefore, the final evaluation was based only on experiments where no anesthesia (except local, superficial cooling of the skin) was instituted.
'This paradoxic phenomenon was ascertained by means of simultaneous recording of pressures and was confirmed by the fact that, after death of the animals, the two baselines were identical.
Injection d
1'20" Serial studies with anesthetics showed that morphine sulfate had a moderate preventive effect, revealed by greater survival at 60 min and by a lower lungslbody weight index. Administration of chloralose had no &ect in regard to survival, but was followed by a much lower lungslbody index. Pentobarbital increased the survival rate, but did not change the hgs/body index appreciably.
E m OF AUTONOMIC B m
Trimethuphun, a ganglionic blocker, allowed all animals to survive, but had no effect on the severity of pulmonary edema, as revealed by the lungs1 body index. On the other hand, phenmybenzamine, an u blocker, rnodiiled both the survival (all animals survived) and the severity of the edema (the lungs/ body index was one-third that of controls and only slightly above normal).
Drscussro~
The dynamics of pulmonary edema caused by catecholamines in the dog has been investigated recently in this laborat0ry.8.~ Both in this type of PE and in that caused by intracisternal injection of veratrine,1° a common pattern has been revealed: either sympathetic stimulation or catecholamine injection caused a tremendous increase of left ventricular contractility, revealed by elevation of LV systolic pressure and increase of the first derivative (dp/dt) of this pressure; at the same time, massive peripheral vasoconstriction took place; this, on the one hand increased the left ventricular load and, on the other, caused the shift of a large mass of blood toward the heart causing right ventricular overload and an increase of the pulmonary blood volume. At some moment of this reaction, a sudden and rapid rise of the left ventricular diastolic pressure took place. This was not related to left ventricular failure because it coincided with a marked increase of the dp/dt of the left ventricle.
We have been able to confirm these facts in the rabbit, where the same sequence of events took place after the injection of adrenalin.
The study of left ventricular dynamics required avoidance of any kind of anesthesia because all anesthetics, including chloralose, decreased the reaction to adrenalin and led to inconstant appearance of PE.
The paradoxic fact that the end-diastolic pres- sure of the left atrium became higher than the systolic pressure of the pulmonary artery had been observed in the adrenalin pulmonary edema of the rabbit by Saitoh et al,ls and in veratrine pulmonary edema of the dog by us. It can be explained by assuming that forward flow through the lung vessels occurred only during early systole and early diastole. Prevention of adrenalin PE was studied. Narcotics and anesthetics decreased the severity of the edema and increased the survival. However, the effect of chloralose was moderate and that of morphine was far less than believed on the basis of old e~periments,~ where only survival was considered.
Phenoxybenzamine, an a! blocker, gave the best results of all drugs, as it completely prevented the edema and increased the survival in all animals. While the peripheral vasodilator effect of this drug is certainly most important, it should also be kept in mind that it is also a histamine, serotonin, and acetylcholine antagonist.ll Trimethaphan, a ganglionic blocker, was expected to effect a protective action on account of its vasodilator effect plus the inhibition of sympathetic stimuli reaching the heart. As shown in Table 3 , survival was markedly influenced by this drug (none of the animals died) but pulmonary edema was not. One possible explanation is that phenoxybenzamine is more effective because it ads both as a central depressant and a peripheral blocker, and that its anti-histaminic action is of great importance. The role of histamine in adrenalin PE, established by Jaques,12 would support this explanation.
Another point that needs to be discussed is the relationship between death and PE. A certain number of rabbits die suddenly within two-three minutes from the injection of adrenalin and exhibit only moderate PE. Either ventricular fibrillation or a central toxic effect of adrenalin causing respiratory arrest can be considered. Another possible reason for the difference between trimethaphan and phenoxybenzamine is that the former has a labile action in rabbits. In two experiments with graphic recording of arterial pressure, it was noted that even continuous infusion with trimethaphan allows for fluctuations of pressure so that adrenalin still causes a hypertensive crisis during the infusion of trimethaphan. This is not the case with phenoxybenzamine, which has a steady inhibitory effect on vascular contraction.
